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Background:  Nonoperative  manage¬ 
ment  of  blunt  hepatic  injuries  is  highly  suc¬ 
cessful.  Complications  associated  with  high- 
grade  injuries,  however,  have  not  been  well 
characterized.  The  purpose  of  the  present 
study  was  therefore  to  define  hepatic- 
related  complications  and  associated  treat¬ 
ment  modalities  in  patients  undergoing  non¬ 
operative  management  of  high-grade  blunt 
hepatic  injuries. 

Methods:  Three  hundred  thirty- 
seven  patients  from  two  regional  Level  I 
trauma  centers  with  grade  3  to  5  blunt 
hepatic  injuries  during  a  40-month  pe¬ 
riod  were  reviewed.  Complications  and 
treatment  of  hepatic-related  complica¬ 
tions  in  patients  not  requiring  laparot¬ 
omy  in  the  first  24  hours  were  identified. 


Results:  Of  337  patients  with  a  grade 
3  to  5  injury,  230  (68%)  were  managed  non- 
operatively.  There  were  37  hepatic-related 
complications  in  25  patients  (11%);  63%  (5 
of  8)  of  patients  with  grade  5  injuries  devel¬ 
oped  complications,  21%  (19  of  92)  of  pa¬ 
tients  with  grade  4  injuries,  but  only  1%  (1 
of  130)  of  patients  with  grade  3  injuries. 
Complications  included  bleeding  in  13  pa¬ 
tients  managed  by  angioembolization  (n  = 
12)  and  laparotomy  (n  =  1),  liver  abscesses 
in  2  patients  managed  with  computed  to¬ 
mography-guided  drainage  (n  =  2)  and  sub¬ 
sequent  laparotomy  (n  =  1).  In  one  patient 
with  bleeding,  hepatic  necrosis  followed  sur¬ 
gical  ligation  of  the  right  hepatic  artery  and 
required  delayed  hepatic  lobectomy.  Sixteen 
biliary  complications  were  managed  with 


endoscopic  retrograde  cholangiopancre¬ 
atography  and  stenting  (n  =  7),  drain¬ 
age  (n  =  5),  and  laparoscopy  (n  =  4). 
Three  patients  had  suspected  abdominal 
sepsis  and  underwent  a  negative  lapa¬ 
rotomy,  whereas  an  additional  three  pa¬ 
tients  underwent  laparotomy  for  ab¬ 
dominal  compartment  syndrome. 

Conclusion:  Nonoperative  manage¬ 
ment  of  high-grade  liver  injuries  can  be 
safely  accomplished.  Mortality  is  low; 
however,  complications  in  grade  4  and  5 
injuries  should  be  anticipated  and  may 
require  a  combination  of  operative  and 
nonoperative  management  strategies. 
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The  practice  of  nonoperative  management  of  blunt  hepatic 
injuries  in  hemodynamically  stable  patients  is  clearly  the 
standard  of  care.  Numerous  studies  over  the  past  two 
decades  have  confirmed  both  its  feasibility  and  safety.  Suc¬ 
cess  rates  for  those  patients  selected  for  nonoperative  man¬ 
agement  generally  exceed  95%.  Hepatic-related  complication 
rates  in  most  series  are  low,  ranging  from  0%  to  7%. 1  5  As 
these  studies  have  included  patients  with  all  grades  of  liver 
injury,  the  majority  of  patients  sustained  low-grade  injuries. 
Pachter  et  al.,  in  the  Western  Trauma  Association  Nonopera- 
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tive  Liver  Study  in  1995,  reported  only  a  5%  incidence  of 
complications  and  a  0.4%  incidence  of  hepatic-related 
deaths,  with  over  98%  of  patient  avoiding  operative 
intervention.4  Complications  in  patients  with  high-grade 
hepatic  injuries,  however,  may  be  significantly  higher  and 
their  management  more  complex.  Most  studies  examining 
complex  injuries  have  combined  patients  with  blunt  and 
penetrating  injuries  and  have  included  patients  who  have 
undergone  initial  operative  intervention.  For  example,  the 
Western  Trauma  Association’s  Multicenter  Trial  of  210 
patients  with  complex  hepatic  injuries  included  both  blunt 
and  penetrating  trauma  and  all  patients  underwent  initial 
operative  intervention.6  They  defined  complex  injuries  as 
grades  3  to  5,  which  represented  only  16%  of  all  hepatic 
trauma.  These  patients  had  a  high  overall  (46%)  and  liver- 
related  (30%)  mortality,  as  well  as  significant  liver-related 
morbidity  including  prolonged  biliary  leak  (8%),  intra¬ 
abdominal  abscess  (9%),  coagulopathy  (16%),  and  late 
hemorrhage  (7%).  The  Los  Angeles  County  group  has 
more  recently  reported  on  attempts  to  lessen  mortality  in 
these  critically  injured  patients  by  combining  operative 
strategies  for  control  of  bleeding  with  nonoperative  strat¬ 
egies  to  manage  hepatic  complications  in  patients  with 
both  blunt  and  penetrating  injuries.7'8  Despite  this  multi¬ 
disciplinary  approach,  their  overall  mortality  for  patients 
with  grades  4  and  5  injuries  was  9%.  The  majority  of  these 
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Complications  in  Complex  Blunt  Hepatic  Injuries 


Table  1  Liver  Injuries  by  Management,  ISS,  and  Mortality 


Grade 

Total  Injuries 

Minus  Operative  Cases 

Nonoperative  Cases  (Study  Cohort)  (%) 

ISS 

Overall  Mortality  (%) 

3 

178 

-48 

130  (73) 

23  ±  1 

5  (3.9) 

4 

128 

-36 

92  (72) 

28  ±  1 

4  (4.4) 

5 

31 

-23 

8  (32) 

40  ±  4 

1  (12.5) 

Total 

337 

-107 

230  (68) 

24  ±  1 

10(4.3) 

patients  sustained  penetrating  injuries  and  all  underwent 
operative  therapy.  As  we  have  now  successfully  reduced 
hepatic-related  mortality  with  nonoperative  management 
strategies,  the  focus  now  should  be  on  reducing  hepatic- 
related  morbidity  to  optimize  patient  outcome.  Therefore, 
the  purpose  of  the  current  study  was  to  define  hepatic- 
related  morbidity  in  patients  sustaining  high-grade  blunt 
hepatic  injuries  that  were  selected  for  nonoperative  man¬ 
agement. 

PATIENTS  AND  METHODS 

Over  a  40-month  period  ending  in  May  2003,  337  adult 
(>13  years  of  age)  patients  with  grades  3  to  5  blunt  hepatic 
injuries  were  admitted  to  two  busy  regional  Level  I  trauma 
centers.  Of  these  patients,  107  underwent  immediate  surgical 
intervention  and  were  excluded  from  further  analysis.  The 
remaining  230  patients  did  not  require  immediate  laparotomy 
(defined  as  within  the  first  24  hours  of  injury)  and  form  the 
basis  for  this  analysis. 

All  charts  were  reviewed  retrospectively  and  institutional 
review  board  approval  was  obtained.  Demographic  data  col¬ 
lected  included  age,  gender,  mechanism  of  injury,  and  Injury 
Severity  Score  (ISS).  The  grade  of  hepatic  injury  was  deter¬ 
mined  and  based  on  computed  tomographic  (CT)  findings  ac¬ 
cording  to  the  American  Association  for  the  Surgery  of  Trauma 
Organ  Injury  Scale  for  hepatic  injuries.9,10  For  the  current  study, 
high-grade  injuries  were  considered  grades  3  to  5. 6 

Hepatic-related  mortality  was  defined  as  deaths 
caused  by  ongoing  liver  bleeding  or  liver  failure,  or  deaths 
related  to  complications  of  massive  fluid  resuscitation. 
Hepatic-related  complications  were  defined  as  bleeding  if 
intervention,  either  angioembolization  or  laparotomy,  was 
required  (the  need  for  blood  transfusion  or  simply  having 
undergone  a  liver  angiogram  for  suspected  bleeding  was 
not  considered  a  complication);  liver-related  infection  in¬ 
cluding  a  hepatic  or  perihepatic  abscess  or  hepatic  necro¬ 
sis;  biliary,  including  the  development  of  a  biloma 
(whether  sterile  or  infected),  bile  peritonitis,  or  bile  duct 
injury,  requiring  treatment  (hyperbilirubinemia  itself  was 
not  considered  a  complication);  missed  hollow  viscus  in¬ 
jury,  actual  or  suspected  if  a  laparotomy  was  performed; 
and  development  of  abdominal  compartment  syndrome 
requiring  decompressive  laparotomy. 

Treatment  of  hepatic-related  complications  was  multidis¬ 
ciplinary  when  appropriate  and  included  early  angiography 
and  angiographic  embolization,  endoscopic  retrograde 
cholangiopancreatography  (ERCP)  and  stenting  of  biliary 


leaks,  and  CT  scan-guided  drainage  of  hepatic  or  perihepatic 
abscesses  or  biliary  collections  by  interventional  radiology 
(IR).  Surgical  interventions  included  either  laparotomy  or 
laparoscopy.  Data  are  presented  as  mean  ±  SEM. 

RESULTS 

Of  17,409  blunt  trauma  admissions,  1,037  patients  pre¬ 
sented  with  hepatic  injuries,  of  which  337  (32%)  were  grade  3, 
4,  or  5  injuries.  Table  1  provides  a  breakdown  of  these  high- 
grade  injuries.  Two  hundred  thirty  (68%)  were  initially  managed 
nonoperatively  and  form  the  basis  of  the  current  study.  Non¬ 
operative  management  was  pursued  in  roughly  three-fourths  of 
patients  with  grades  3  and  4  injuries,  but  in  only  about  one  third 
of  patients  with  grade  5  injuries.  One  hundred  twenty-seven 
(55%)  of  the  study  population  were  male  patients,  and  the  mean 
age  was  31  years  (range,  15-84  years).  Blunt  injury  mechanisms 
included  188  motor  vehicle  crashes,  12  pedestrian  accidents, 
8  falls,  and  22  other  injuries.  Overall  ISS  was  24  ±  1 .  Patients 
with  grade  3  injuries  had  a  mean  ISS  of  23  ±  1,  patients  with 
grade  4  injuries  had  a  mean  ISS  of  28  ±  1,  and  patients  with 
grade  5  injuries  had  a  mean  ISS  of  40  ±  4.  Overall  mortality  was 
4.3%  (10  of  230).  Not  surprisingly,  patients  with  grade  5  injuries 
had  an  overall  higher  mortality.  There  was  only  one  hepatic  - 


Table  2  Liver-Related  Complications  by  Grade  and 
Clinical  Course  of  Interventions 

1  Grade  3  injury  patient 
BDL  — >  ERCP/stent 
19  Grade  4  injury  patients 
7  Bleeds  ->  IR 

1  Bleed  — » IR  -»  sepsis  — »  negative  E-Lap 

2  peritonitis  — >  laparoscopy  — >  BDL  — >  ERCP/stenting  -»  biloma 
-»  IR 

1  Peritonitis  — >  laparoscopy  -»  BDL  — >  ERCP/stenting 

1  Peritonitis  — >  laparoscopy 

2  Biloma  ->  IR  — >  BDL  — >  ERCP/stenting 
1  Biloma— >  IR 

1  ACS  -»  D-Lap 
1  Sepsis  -»  negative  E-Lap 
1  Abscess  — >  IR  — >  Failure  -»  OR 
1  Abscess  — >  IR 
5  Grade  5  injury  patients 

Bleeding  -»  OR  (SHAL)  — >  necrosis  — »  OR  — »  MOF/death 
Bleeding  — »  IR  — >  Sepsis  — »  negative  E-Lap 
Bleeding  — »  IR  -»  ACS  -»  D-Lap 

Bleeding  — >  IR  — >  ACS  -»  D-Lap  -»  BDL  — »  ERCP/stenting 
Bleeding  — >  IR 

SHAL,  selective  hepatic  artery  ligation;  OR,  operation;  MOF, 
multiple  organ  failure. 
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Fig.  1.  (A)  Abdominal  CT  image  of  a  patient  with  a  grade  4  liver  lacer¬ 
ation  at  the  junction  of  the  right  and  left  lobes.  (B)  ERCP  of  this  patient  7 
days  after  laparoscopy  for  bile  peritonitis.  ERCP  reveals  a  large  leak  from 
either  the  medial  or  lateral  segment  of  the  left  hepatic  duct  that  was  treated 
with  stenting.  (C)  Two  days  later,  the  patient  developed  recurrent  symptoms 
of  right  upper  quadrant  pain.  Repeat  abdominal  CT  scanning  revealed  a 
biloma  that  was  successfully  drained  by  interventional  radiology. 


related  death  that  was  secondary  to  multiple  organ  failure  in  a 
patient  with  a  grade  5  injury. 

There  were  37  hepatic-related  complications  in  25  pa¬ 
tients,  for  an  overall  complication  rate  of  11%  (25  of  230). 
Complications  included  12  bleeding  episodes,  16  biliary 
tract-related  complications,  three  cases  of  abdominal  com¬ 
partment  syndrome  (ACS)  requiring  decompressive  laparot¬ 
omies  (D-Lap),  two  liver  abscesses,  three  negative  explor¬ 
atory  laparotomies  (E-Lap)  performed  for  suspected 
abdominal  sepsis,  and  one  liver  necrosis.  There  were  130 
patients  with  a  grade  3  injury,  only  one  (<1%)  of  which 
developed  one  complication.  Of  ninety-two  patients  with  a 
grade  4  injury,  19  (21%)  developed  27  complications.  Lastly, 
only  eight  patients  had  a  grade  5  injury,  five  (63%)  of  which 
developed  a  total  of  nine  complications.  The  breakdown  of 
liver-related  complications  by  grade  and  clinical  course  of 
interventions  is  depicted  in  Table  2.  The  only  patient  with  a 
grade  3  injury  with  a  complication  was  a  peripheral  bile  duct 
leak  (BDL)  incidentally  diagnosed  on  an  ERCP  that  was 
being  performed  to  rule  out  pancreatic  injury  and  was  treated 
by  stenting.  In  contrast,  21%  (19  of  92)  patients  with  grade  4 
injuries  developed  complications.  Eight  episodes  of  bleeding 
were  successfully  treated  by  IR  embolization  (7  on  postinjury 
day  [PID]  0  and  1  on  PID  1).  One  of  these  patients  went  onto 
develop  persistent  unexplained  sepsis  that  prompted  a  nega¬ 
tive  E-Lap  on  PID  6.  There  were  four  cases  of  bile  peritonitis 
that  were  treated  with  laparoscopic  washout  and  drainage  (on 
PIDs  2,  5,  8,  and  14).  Three  of  these  patients  had  bile  leaks 
that  prompted  ERCP  and  stenting  (on  PIDs  5,  8,  and  14)  and 
then  subsequent  IR  drainage  of  bilomas  (on  PIDs  9,  10,  and 
15).  There  were  three  additional  bilomas  diagnosed  by  CT 
scanning  that  were  treated  by  IR  drainage  (on  PIDs  3,  8,  and 
10);  two  had  persistent  bilious  output  that  prompted  ERCP 
and  stenting  (on  PIDs  6  and  18).  One  patient  developed  ACS 
and  underwent  D-Lap  on  PID  3.  Small  bowel  edema,  but  not 
significant  hemoperitoneum,  was  found.  One  additional  pa¬ 
tient  underwent  a  negative  E-Lap  for  presumed  missed  hol¬ 
low  viscus  injury  on  PID  1.  Finally,  two  grade  4  injury 
patients  developed  an  intraparenchymal  abscess.  Both  were 
initially  managed  by  IR  drainage  (on  PID  29  and  PID  90, 
respectively).  One  of  these  failed  and  the  patient  underwent 
subsequent  laparotomy  for  definitive  treatment. 

Five  (63%)  patients  with  grade  5  injuries  had  early 
bleeding  requiring  intervention.  One  was  taken  directly  to  the 
operating  room  (on  PID  1)  and  underwent  right  selective 
hepatic  artery  ligation.  This  was  complicated  by  right  hepatic 
lobe  necrosis  that  was  later  resected  (PID  4).  This  patient 
succumbed  to  unremitting  multiple  organ  failure  (on  PID  9). 
The  remaining  four  patients  underwent  angioembolization 
(one  on  PID  0,  two  on  PID  1,  and  one  on  PID  8).  One 
underwent  negative  E-Lap  for  fever,  tachycardia,  and  possi¬ 
ble  small  bowel  injury  seen  on  CT  scan.  Two  patients  devel¬ 
oped  ACS  on  the  day  of  angioembolization  (PID  1 )  treated  by 
D-Lap  (hemoperitoneum  was  the  cause  in  both  cases).  One  of 
these  patients  had  persistent  bilious  drainage  and  underwent 
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delayed  ERCP  and  stenting  for  a  bile  duct  leak  on  P1D  12. 
The  last  patient  required  only  angioembolization. 

Overall,  12  patients  (5.2%)  required  operative  interven¬ 
tion:  one  for  hemorrhage,  which  later  required  a  hepatic 
lobectomy  for  necrosis;  three  for  suspected  abdominal  sepsis; 
one  for  definitive  drainage  of  a  hepatic  abscess;  three  to 
decompress  ACS;  and  four  for  biliary  peritonitis  by  means  of 
laparoscopy.  Of  note,  four  of  the  five  patients  with  grade  5 
injuries  who  developed  complications  required  some  type  of 
operative  intervention. 

DISCUSSION 

Since  the  late  1980s,  there  have  been  many  studies  doc¬ 
umenting  the  safety  and  feasibility  of  nonoperative  manage¬ 
ment  for  hepatic  injuries.  Recent  series  report  that  approxi¬ 
mately  half  of  all  patients  with  liver  injuries  can  be  managed 
nonoperatively,  with  a  success  rate  of  up  to  98.5%.  Compli¬ 
cation  rates  in  general  are  low  for  these  patients.  Management 
of  patients  with  high-grade  injuries,  however,  may  be  more 
complex.  The  purpose  of  the  current  study  was  to  better 
delineate  hepatic-related  complications  and  treatment  modal¬ 
ities  in  patients  with  high-grade  blunt  hepatic  injuries,  de¬ 
fined  as  American  Association  for  the  Surgery  of  Trauma 
grades  3  through  5.  Although  our  overall  complication  rate 
was  only  11%  (25  of  230  patients),  24  of  25  (96%)  patients 
who  developed  complications  had  either  a  grade  4  or  a  grade 
5  injury.  Specifically,  21%  of  patients  with  a  grade  4  injury 
and  63%  of  patients  with  a  grade  5  injury  developed  a 
hepatic -related  complication.  This  is  in  sharp  contrast  to  the 
less  than  1%  incidence  seen  in  patients  with  a  grade  3  injury. 
This  low  incidence  of  complications  with  lower  grade  injuries 
has  been  corroborated  by  others  as  well.11 

Significant  bleeding  occurred  in  13  of  our  patients.  Nei¬ 
ther  the  simple  requirement  for  transfusion  nor  need  for 
angiography  was  considered  a  bleeding  complication  in  this 
study.  Angioembolization  was  used  in  all  but  one  patient  and 
was  successful  in  100%  (12  of  12)  of  patients.  Overall,  5.2% 
(12  of  230)  patients  underwent  angioembolization,  in  contrast 
to  68%  of  patients  reported  by  Asensio.  This  difference  is 
likely  because  our  patients,  by  definition  of  the  study,  were 
hemodynamically  stable  on  presentation  and  therefore  were 
not  deemed  candidates  for  immediate  operation.  One  patient 
became  hemodynamically  unstable  on  PID  1  and  required 
emergent  laparotomy  rather  than  angioembolization.  This  is 
in  contrast  to  the  study  by  Velmahos  et  al., 12  who  reported  no 
failures  of  nonoperative  management  caused  by  delayed 
bleeding  from  the  liver.  Most  episodes  of  bleeding  in  the 
current  study  occurred  on  the  day  of  injury  or  within  the  first 
2  PIDs,  but  one  patient  with  a  grade  5  injury  required  angio¬ 
embolization  on  PID  8.  Delayed  hemorrhage  has  been  re¬ 
ported  after  even  longer  periods  of  time  and  was  attributed  to 
delayed  rupture  of  hepatic  hematomas.13  Angioembolization 
has  become  recognized  as  an  important  adjunct  to  manage¬ 
ment  in  patients  with  high-grade  injuries,  whether  managed 
operatively  or  nonoperatively,  or  secondary  to  blunt  or  pen¬ 


etrating  injury.7’8  In  fact,  early  angioembolization  has  been 
reported  to  lessen  the  need  for  blood  transfusions  and  the 
number  of  liver-related  operations14'15  but  has  not  improved 
outcomes  in  patients  who  required  operative  management.16 
In  contrast,  Richardson  et  al.  have  attributed  the  reduction  in 
death  rates  over  time,  at  least  in  part,  to  a  decrease  in  major 
venous  injuries  requiring  surgical  intervention.17 

Biliary  tract  complications  (8  patients  developed  16  com¬ 
plications)  were  as  common  as  bleeding  in  the  present  study  and 
included  biliary  leaks,  bilomas,  and  bile  peritonitis.  Although 
similar  rates  have  been  reported  by  some  authors,18'19  others 
have  reported  significantly  higher  rates.7'11  Most  notably,  Car¬ 
rillo  et  al.  reported  in  their  study  of  nonoperative  management  of 
blunt  liver  injuries  that  of  the  32  patients  (of  135,  all  grades)  who 
required  some  type  of  intervention,  10  had  perihepatic  collection 
drainage  percutaneously,  eight  underwent  ERCP  and  stenting, 
and  2  required  laparoscopy  for  bile  peritonitis.11  As  both  studies 
suffer  from  retrospective  design,  there  are  inherent  flaws  in  such 
a  comparison.  In  addition,  there  is  no  well-defined  definition  of 
biliary  complications,  nor  is  there  a  well-accepted  strategy  for 
diagnosis.  Lastly,  the  incidence  of  biliary  complications  is  likely 
related  to  the  degree  to  which  they  were  sought.20  When  ERCP 
was  performed  in  conjunction  with  CT  scanning  in  patients  with 
blunt  liver  injuries,  Sugimoto  et  al.21  reported  a  21.4%  incidence 
of  bile  duct  injuries.  In  the  current  study,  neither  routine  ERCP 
nor  follow-up  CT  scanning  was  performed,  as  has  been  recom¬ 
mended  by  some.22  This  may  have  resulted  in  earlier  diagnosis 
of  complications.  Patients  with  a  major  laceration  through  the 
porta  hepatis  may  particularly  benefit  from  early  screening  23 
One  of  our  patients  with  such  an  injury  (Fig.  1  A)  did  indeed 
demonstrate  a  bile  duct  injury.  By  hospital  day  5,  the  patient 
continued  to  display  significant  abdominal  discomfort,  persistent 
ileus,  and  hyperbilirubinemia  accompanied  by  fever  and  tachy¬ 
cardia,  prompting  laparoscopy.  Delayed  laparoscopy  for  man¬ 
agement  of  biliary  peritonitis  (peritoneal  and  systemic  signs 
suggestive  of  systemic  inflammatory  response)  has  been  advo¬ 
cated  by  Carrillo  et  al.  as  a  safe  and  effective  technique.24  They 
reported  rapid  improvement  in  the  systemic  response,  with  no 
complications.  In  our  patient,  a  significant  bilious  leak  from 
operatively  placed  drains  prompted  ERCP  that  demonstrated  a 
large  leak  in  either  the  medial  or  lateral  segment  of  the  left 
hepatic  duct  (Fig.  1  B ).  Stenting  was  successful  in  decreasing  the 
biliary  leak,  but  repeat  ERCP  was  required  for  increased  serum 
bilirubin,  pain,  and  fever,  suggestive  of  an  occluded  stent.  Rou¬ 
tine  ERCP  and  stenting  after  laparoscopy  has  been  proposed  as 
an  adjunct  to  management  of  bile  ascites, 20and  stenting  rather 
than  sphincterotomy  is  felt  to  expedite  healing  of  biliary  leaks.25 
Finally,  a  repeat  CT  scan  obtained  for  fever  and  an  elevated 
white  blood  cell  count  revealed  a  biloma  (Fig.  1  C)  adjacent  to 
the  surgically  placed  biliary  drain  and  required  percutaneous 
drainage  by  interventional  radiology.  This  patient  underwent  a 
total  of  four  procedures  during  almost  3  weeks  of  hospitaliza¬ 
tion,  typifying  complex  management  of  biliary  complications. 

Three  patients  required  decompressive  laparotomy  for  ab¬ 
dominal  compartment  syndrome.  Of  these,  two  patients  had 


1070  November  2005 

Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


Complications  in  Complex  Blunt  Hepatic  Injuries 


significant  hemoperitoneum  as  the  cause.  The  third  patient  un¬ 
derwent  laparotomy  on  PID  3  and  was  found  to  have  bowel 
edema  and  ascites,  and  not  hemoperitoneum,  as  the  cause. 
Bowel  edema  and  ascites  are  more  frequently  encountered  with 
secondary  ACS,  prompting  some  to  advocate  percutaneous 
rather  than  open  decompression.  This  technique  has  been  re¬ 
ported  as  a  therapeutic  modality  for  bum  patients  with  secondary 
abdominal  compartment  syndrome.26'27  Its  success  in  patients 
with  primary  ACS  is  likely  to  be  limited,  however,  as  the  source 
of  the  compartment  syndrome  is  typically  ongoing  bleeding 
rather  than  ascites  or  bowel  edema  28 

A  multidisciplinary  clinical  pathway  for  the  management 
of  grade  4  and  5  injuries  is  presented  in  Figure  2.  As  grade  3 
injuries  have  such  a  low  incidence  of  complications,  they  have 
not  been  included.  Patients  with  cleft  injuries  should  undergo 
routine  follow-up  CT  scanning  at  day  5  to  7  postinjury.  Other¬ 
wise,  patients  can  be  followed  clinically.  Bleeding  should  be 
managed  by  IR  angioembolization  if  the  patient  is  hemodynam- 
ically  stable  or  operatively  if  the  patient  is  unstable.  If  peritonitis 
is  diagnosed  on  clinical  examination,  immediate  operative  inter¬ 
vention  is  also  warranted.  For  patients  with  unrelenting  systemic 
inflammatory  response  syndrome  or  concerning  abdominal  find¬ 
ings,  a  repeat  CT  scan  is  recommended.  If  a  hollow  viscus  injury 
is  noted,  immediate  operation  should  be  undertaken.  In  contrast, 
if  significant  bile  ascites  and/or  hemoperitoneum  is  found,  these 
can  usually  be  successfully  managed  by  laparoscopy  and  drain¬ 
age.  If  a  liver  abscess  or  biloma  is  seen  on  CT,  IR  drainage  is 
indicated.  Persistent  bilious  drainage  after  laparoscopy  or  IR 
drainage  should  prompt  ERCP  and  stenting.  Finally,  failure  of 
percutaneous  drainage  techniques  or  biliary  stenting  may  require 
operative  intervention. 

In  summary,  although  patients  with  high-grade  liver  in¬ 
juries  can  be  safely  managed  nonoperatively,  complications 
requiring  a  multidisciplinary  treatment  strategy  should  be 
anticipated  in  patients  with  grade  4  and  particularly  grade  5 
injuries.  If  prediction  models  could  be  developed,  screening 
for  high-risk  patients  may  result  in  earlier  diagnosis  and 
treatment  of  complex  hepatic-related  complications. 

REFERENCES 

1.  Velamhaos  GC,  Konstantinos  T,  Radan  R,  et  al.  High  success  with 
nonoperative  management  of  blunt  hepatic  trauma.  Arch  Surg.  2003; 
138:475^181. 

2.  Croce  MA,  Fabian  TC,  Menke  PG,  et  al.  Nonoperative  management 
of  blunt  hepatic  trauma  is  the  treatment  of  choice  for 
hemodynamically  stable  patients:  results  of  a  prospective  trial.  Ann 
Surg.  1995;221:744-453. 

3.  Meredith  JW,  Young  JS,  Bowing  J,  et  al.  Nonoperative  management 
of  blunt  hepatic  trauma:  the  exception  to  the  rule?  J  Trauma.  1994; 
36:529-534. 

4.  Pachter  HL,  Knudson  MM,  Esrig  B,  et  al.  Status  of  nonoperative 
management  of  blunt  hepatic  injuries  in  1195:  a  multicenter 
experience  with  404  patients.  J  Trauma.  1996;40:31-38. 

5.  Malhotra  A,  Fabian  TC,  Croce  MA,  et  al.  Blunt  hepatic  injury:  a 
paradigm  shift  from  operative  to  nonoperative  management  in  the 
1990s.  Ann  Surg.  2000;231:804-813. 


6.  Cogbill  TH,  Moore  EE,  Jurkovich  GJ,  et  al.  Severe  hepatic  trauma:  a 
multi-center  experience  with  1,335  liver  injuries.  J  Trauma.  1988; 
28:1433-1438. 

7.  Asensio  JA,  Demetriades  D,  Chahwan  S,  et  al.  Approach  to  the 
management  of  complex  hepatic  injuries.  J  Trauma.  2000;48:66-69. 

8.  Asensio  JA,  Roldan  G,  Petrone  P,  et  al.  Operative  management  and 
outcomes  in  103  AAST-OIS  grades  IV  and  V  complex  hepatic 
injuries:  trauma  surgeons  still  need  to  operate,  but  angioembolization 
helps.  J  Trauma.  2003;54:647-654. 

9.  Moore  EE,  Shackford  SR,  Pachter  HL,  et  al.  Organ  injury  scaling: 
spleen,  liver  and  kidney.  J  Trauma.  1989;29:1664-1666. 

10.  Moore  EE,  Cogbill  TH,  Jurkovich  GJ,  et  al.  Organ  injury  scaling: 
spleen  and  liver  (1994  revision).  J  Trauma.  1995;38:323-324. 

11.  Carrillo  EH,  Spain  DA,  Wohtmann  CD,  et  al.  Interventional 
techiniques  are  useful  adjuncts  in  nonoperative  management  of 
hepatic  injuries.  J  Trauma.  1999;46:619-624. 

12.  Velmahos  GC,  Konstantinos  TG,  Radin  R,  et  al.  Nonoperative 
treatment  of  blunt  injury  to  solid  abdominal  organs.  Arch  Surg. 
2003;138:844-851. 

13.  Gates  JD.  Delayed  hemorrhage  with  free  rupture  complicating  the 
nonsurgical  management  of  blunt  hepatic  trauma:  a  case  report  and 
review  of  the  literature.  J  Trauma.  1994;36:572-575. 

14.  Wahl  WL,  Ahrns  KS,  Brandt  MM,  et  al.  The  need  for  early 
angiographic  embolization  in  blunt  liver  injuries.  J  Trauma.  2002; 
52:1097-1101. 

15.  Mohr  AM,  Lavery  RF,  Barone  A,  et  al.  Angiographic  embolization 
for  liver  injuries:  low  mortality  high  morbidity.  J  Trauma.  2003; 
55:1077-1082. 

16.  Duane  TM,  Como  JJ,  Bochicchio  GV,  et  al.  Reevaluating  the 
management  and  outcomes  of  severe  blunt  liver  injury.  J  Trauma. 
2004;57:494-500. 

17.  Richardson  DJ,  Franklin  GA,  Lukan  JK,  et  al.  Evolution  in  the 
management  of  hepatic  trauma:  a  25  year  perspective.  Ann  Surg. 
2000;232:324-330. 

18.  Howdieshell  TR,  Purvis  J,  Bates  WB,  et  al.  Biloma  and  biliary 
fistula  following  hepatorrhaphy  for  liver  trauma:  incidence,  natural 
history,  and  management.  Am  Surg.  1995;61:165-168. 

19.  Hollands  MJ,  Little  JM.  Post  traumatic  bile  fistulae.  J  Trauma.  1991; 
31:117-120. 

20.  Griffen  M,  Ochoa  J,  Boulanger  BR.  A  minimally  invasive  approach 
to  bile  peritonitis  after  blunt  liver  injury.  Am  Surg.  2000;66:309-312. 

21.  Sugimoto  K,  Asari  Y,  Sakaguchi  T,  et  al.  Endoscopic  retrograde 
cholangiography  in  the  nonsurgical  management  of  blunt  liver 
injury.  J  Trauma.  1993;35:192-199. 

22.  Cuff  RF,  Cogbill  T,  Lambert  PJ.  Nonoperative  management  of  blunt 
liver  trauma:  the  value  of  follow-up  abdominal  computed 
tomography  scans.  Am  Surg.  2000;66:332-336. 

23.  Eid  A,  Almogy  G,  Pikarsky  AJ,  et  al.  Conservative  treatment  of 
traumatic  tear  of  left  hepatic  duct:  case  report.  J  Trauma.  1996; 
41:912-913. 

24.  Carrillo  EH,  Reed  DN,  Gordon  L,  et  al.  Delayed  laparoscopy 
facilitates  the  management  of  biliary  peritonitis  in  patients  with 
complex  liver  injuries.  Surg  Endosc.  2001;15:319-322. 

25.  Marks  J,  Ponsky  J,  Shillingstad  R,  Singh  J.  Biliary  stenting  is  more 
effective  than  sphincterotomy  in  the  resolution  of  biliary  leaks.  Surg 
Endosc.  1998;12:327-330. 

26.  Latenser  BA,  Kowal-Vern  A,  Kimball  D,  Chakrin  A,  Dujovny  N.  A 
pilot  study  comparing  percutaneous  decompression  with 
decompressive  laparotomy  for  acute  abdominal  compartment 
syndrome  in  thermal  injury.  J  Burn  Care  Rehabil.  2002;23:190-195. 

27.  Corcos  AC,  Sherman  HF.  Percutaneous  treatment  of  secondary 
abdominal  compartment  syndrome.  J  Trauma.  2001;51:1062-1064. 

28.  Zsolt  B,  McKinley  BA,  Cox  CS,  et  al.  Abdominal  compartment 
syndrome:  the  cause  or  effect  of  postinjury  multiple  organ  failure. 
Shock.  2003;20:483^192. 


Volume  59  •  Number  5  1071 

Copyright  ©  Lippincott  Williams  &  Wilkins.  Unauthorized  reproduction  of  this  article  is  prohibited. 


